Introduction
An increasing number of machines are available for the indirect measurement of blood pressure (BP). The conveniences and technical specifications are emphasized in the manufacturers' brochures but data on performance in relation to standard sphygmomanometers are rarely provided. We have evaluated the performance of a new fully automated machine; Puritan Bennett's Infrasonde D4000® non-invasive blood pressure monitor which the manufacturers consider has facilities making it suitable for all hospital settings.
The Infrasonde D4000 may be operated in fully automatic, semi-automatic or manual mode. It is portable, weighs 7.7 kg, and can operate from mains or integral rechargable batteries. Cuff inflation pressure may be fixed or allowed to change automatically in relation to previous systolic BP. Deflation rate, inflation and deflation cycle frequency are adjustable. Signal strength can be assessed and if poor the transducer may be repositioned or sensitivity increased. Systolic and diastolic BP are shown on separate LED displays. Following deflation heart rate or pulse pressure is displayed. Mean arterial pressure or rate pressure product may also be presented on the LED display. All measurements can be displayed on an optional integral printer. The measurement range is stated to be from 0 to 300 mm with adjustable low and high alarm limits. Various cuff sizes together with dual differential and single transducer assemblies are available.
Methods
Adult static BP measurements were made on 4 consecutive days in 4 groups of subjects. These were from departmental staff, the Hypertension Clinic, the antenatal and general medical wards. The groups were selected to provide a wide range ofblood pressures. All measurements were made with recently calibrated machines, the observers having no prior knowledge of the BP. Subjects not in sinus rhythm and those with aortic regurgitation were excluded. Blood pressure was measured by 2 observers (AZ, PS). Simultaneous measurements of blood pressure were taken in opposite arms using different machines (Infrasonde D4000 and Hawksley random zero). Thereafter each observer changed arm and then machine using a previously described crossover technique (Silas et al., 1982; Beevers et al., 1979 Using the Infrasonde outside the confines of the experiment we noted two limitations. It does not recognize auscultatory silent gaps and displays systolic pressure as the return of sounds following the gap. Further, no measurement is made when there is a wide pulse pressure and the deflation rate is slow. This can be overcome by increasing deflation rate and presumably relates to artefact rejection devices which demand a sequential systolic and diastolic reading within a time limit. 
Discussion
The Hawksley random zero mercury sphygmomanometer (Wright & Dore, 1970) reduces observer bias, observer error and digit preference which is common when using the standard mercury sphygmomanometer (Grimley Evans & Prior, 1970) . Its simple robust design has led to it being adopted for large scale surveys and research studies where it has achieved the status ofa 'gold standard'. These clinical trials provide guidelines for clinical practice. Automated blood pressure recorders should provide a similar advantage of increased objectivity in measurement and should free the operator to perform other tasks. However, measurements produced by these machines should be strictly comparable.
The results show that the Infrasonde D4000 records lower mean systolic and diastolic blood pressures than the Hawksley. The offset of Infrasonde diastolic pressures is not constant with over-reading at lower pressures and under-reading at higher diastolic values. These differences reach statistical significance and may be important when deciding therapy in mild hypertension. Changes in blood pressure are frequently of greater interest than absolute values and the lower variability of readings should be an advantage for the Infrasonde machine.
The difference in performance might be explained by the way in which information for measurement is acquired. Both methods aim at Korotkoff phase I for systolic and phase V for diastolic pressure. The Infrasonde microphone frequency response is between 10 and 50 Hz (manufacturer's data). The frequency range of Korotkoff I sounds is reported to be between 40 and 120 Hz with maximum amplitude centred around 100 Hz. Upon muffling (phase IV) the higher frequencies are attenuated and the maximum amplitude then centres around 60 Hz (McCutcheon & Rushmer, 1967) . The fundamental frequency of oscillation is between 12 and 50 Hz with the frequency increasing as the pressure difference between compression and upstream brachial arterial pressure decreases (Ur & Gordon, 1970 
